The troop fission of Japanese monkeys has been observed in 11 troops, and the total number of fissions observed numbered 22. Examined cases of fission relative to season, amount of food, troop size and socionomic sex ratio of the main troop and to individuals that acted as nucleus in forming a branch troop and females, exhibited variance, not being uniform.
I. INTRODUCTION
The previous report (FURUYA, 1968) was devoted to a description of the social changes of the Gagyusan troop during the past 12 years and an inquiry of the ecological and sociological significance of troop fission in maintaining the Gagyusan troop.
Under what circumstances does a fission occur in a troop of Japanese monkeys? What are the causes of a fission? To find an answer for it, I would like to examine the five fissions of the Gagyusan troop and also other examples of fission, relative to (1) season, (2) amount of food, (3) the troop size, (4) the socionomic sex ratio, (5) individuals that acted as nucleus in forming a branch troop, and (6) females, and, in the discussed and concluding part, an inquiry of the mechanism for the maintenance of the society of Japanese monkeys.
II. THE TIME OF THE YEAR WHEN THE FISSIONS OCCURRED
Of the fissions of the Gagyusan troop, the first fission took place in October, the second in March, the third and fourth in June, and fifth in September.
The mating season of this troop begins in the middle of October and terminates toward the end of February. During the season, the time when sexual activities are most frequent is from the end of November to the beginning of February. The birth season begins at the beginning of April and finishes toward the end of July. During this season, the time when births are most frequently observed is from early May to late June. Table 1 gives data on the time when birth season and mating season of each year began between 1955 and 1966, in the Gagyusan troop. to be completed, it is difficult to compare them with those of other troop. Judging from data obtained so far, not counting the Takasakiyama cases, it may generally be said of fission of troops of Japanese monkeys that there is no definite time of year with a high incidence of fissions. But it can be said that there is a time of year when fission is unlikely to occur, and that is the mating season. There are a few examples of fission which occurred close upon the mating season. It should be noted, however, that all of those examples occurred toward the end or the beginning of the mating season, not at its height.
What does the mating season mean to the troop? Now sexual behavior between male and female is seen only during the mating season. In this season females stay in the peripheral part longer than they do in other seasons, while males in the peripheral part come into the central part more often than they do in other seasons, so that the boundary between the central and peripheral parts is apt to become blurred or indistinct during the mating season. Meanwhile, it is seldom that males in the troop are seen to leave the troop as solitary males (NISHIDA, 1966) . Also, it is during the mating season that solitary males try to approach the troop. Thus, the mating season is a season when the boundary between the central and peripheral parts becomes blurred, but a season when the troop itself is unlikely to disband. It is very natural, therefore, that fission is unlikely to occur during this season.
Next, I should like to touch upon relations between the time of fissions and seasonal changes as concerns troop movement. Table 3 tabulates the number of days in a month when the main troop at Gagyusan failed to appear at the feeding ground. It is regrettable that data for 1958 were not available, but the table shows 5  11  8  2  2  1  --35  August  4  3  --2  3  3  2  2  1  --20  September  8  1  --5  9  16  4  4  3  --50  October  1  2  --1  11  11  5  2  2  --35  November  1  0  --0  1  0  0  0  0  --2  December  0  0  --1  0  0  0  0  0  --1   19  8  --14  38  53  16 10 10 --: Data were not obtained.
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that, on the average, the months from May to October are months with more days of non-appearance than other months. The Gagyusan troop, on days when it failed to appear at the feeding ground, usually moved as far as to Sayo-dani Valley (see Fig. 1 in FURUYA , 1968) . When it came to the feeding ground on consecutive days, it was moving between the feeding ground and one of several sleeping places located within 1 to 2 kilometers' distance of the feeding ground. Therefore, the distance the troop covered in one day in its movement on days when the troop did not come to the feeding ground was longer than that covered on days when it did come, when it had to cover only the distance between the sleeping places and the feeding ground.
Of the 5 fissions of the Gagyusan troop, 4 occurred in months having a greater number of days of non-appearance at the feeding ground, that is, the months from May to October. The third and fourth fissions were confirmed to have occurred while the troop was on the move, away from the feeding ground. Therefore, we may note that the tendency towards fission is more likely to occur when the troop is actively on the move, when its daily appearance at the feeding ground is not observed. From this it may be supposed that the actual moment of fission is more likely to be seen when the troop is on the move than when it is not. It is likely that fission occurs in the form of a branch troop being left behind the main troop on the move or of a branch troop taking a different route from that of the main troop while moving.
The period when no active movement is seen coincides with the mating season.
It is usual for a provisionized troop to come to the feeding ground almost daily during winter, and probably an unprovisionized troop would not make any active move-ment during the mating season. Preoccupation with sexual acts would be one cause for inactive movement. The fact that few fissions occurred during the mating season may have some bearing on the fact that the mating season is a season when sexual factors make it difficult for the troop to scatter, making, moreover, the troop's movement inactive.
III. AMOUNT OF FOOD
I should now like to touch upon relations between fission and food supply. The greater area of the home range of the Gagyusan troop is occupied by a mountain range whose highest mountain is Gagyusan, 478.3m above sea level, and having considerably steep slopes. The whole area is about 10 km 2 wide. Most of the area is covered by a comparatively well-protected forest consisting mostly of broadleaved trees. There are also some cultivated patches, paulownia trees, bamboo groves, and groves of ~[apanese cypress and cryptomeria.
Generally speaking, the area, viewed as a home range of Japanese monkeys, is neither small nor meager, but the amount of vegetable food available for monkeys in this area may vary from year to year due to climate. Viewed in the perspective of 12 years' time between 1955 and 1966, food may be abundant in one year and scarce in another. It is very difficult to grasp this clearly, that is, quantitatively as well as qualitatively. It can be said, however, that during the past 12 years there has been no patently visible change in the amount of food nature provided for monkeys. As to the amount of food consumed by a provisionized troop, the feed given by human at the feeding ground must be first taken into consideration. Table 4 shows the amount of feed given the Gagyusan troop from 1956 to 1966. As can be seen from this table, the amount has never been constant. It increased or decreased, irrespective of the troop size. Also, its quality changed from time to time. However, it may be stated that there seem to be no relations between changes in the quality and amount of feed and fissions. For instance, in the period from December, 1960 , to June, 1961 , a greater amount of feed was given the troop, on the assumption that the third fission may have been caused by the scarcity of feed. Yet toward the end of June, 1961, the fourth fission occurred. This coincides with a conclusion reached by NISHIDA (1966) on solitary males, that the desertion of males from the main troop has no relation with the amount of feed obtained.
But for a troop which depends rather heavily upon men for its feed, there is a possibility that a deficient amount of feed, if continued for a considerable period, may have some social influence on the troop, leading to fission. :)
IV. THE TROOP SIZE BEFORE FISSION
As far as the Gagyusan main troop is concerned, a rather accurate record has been kept of the number of annual births since the start of provisionization in 1955. However, as to the number of deaths and deserters of males from the main troop, only a portion has been recorded, as individual discrimination of the entire troop has not been made. As to the size of the branch troops, an estimate was made each time fission occurred, as has been stated.
Meanwhile, the total number of individuals in the main troop was counted in 1955, 1957, 1958, 1962, 1963, 1965, and 1966 . The census was made by taking advantage of an occasion when the troop moved roughly in file. An observer counted the monkeys as they passed in front of him (see ITANI, 1954 , for this method of estimating the population of a troop). In 1963 and 1966 a method was used to mark checked individuals with lacquer paint in order to estimate the entire population ~ (see ITANI et al., 1963, for this method) .
The number of annual deaths and single deserters (as shown in Table 5 in FURtlYA, 1968) was reckoned backward from the estimated annual population of the main troop, the number of births, and the number of individuals of the branch troops. As to the population of the main troop in the years when no population check was 1) The third fission of the Takasakiyama troop, which occurred in 1967, was caused mostly by individuals living in the peripheral part who were unable to secure sufficient feed at the feeding ground. Therefore, as far as this example is concerned, the problem of feed and the over-population of the main troop may have had something to do with the cause of the fission (personal communication from TOYOSHIMA).
2) These two methods of estimation produced different results, but the differences were comparatively small. For instance, in 1963 we estimated the entire population as 160 by using the method of counting individuals when they moved in file, while we were enabled to estimate the population as 155 when we applied the method of marking checked individuals. The small differences in the result made us confident of the dependability of these two methods.
made, it was estimated by taking into consideration the number of births and the number of individuals in the years before and after the year in question. The size of the Gagyusan troop just prior to each fission was about 140 individuals before the first fission, 160 before the second, 180 before the third, 150 before the fourth, and 160 before the fifth. 3~
Troops other than the Gagyusan troop whose size before fission is known are enumerated in Table 5 . It will be seen that in the two cases of the Takasakiyama troop the fissions occurred when the troop size was incomparably greater than that of other troops. In the other 12 cases, including those of the Gagyusan troop, fissions occurred when the troop size was between 100 and 180 individuals. Judging from this, it may be seen that the troop size of Japanese monkeys has certain general limits beyond which it is difficult to grow. It may be said that the limit of troop size is approximately 200 individuals.
V. SOCIONOMIC SEX RATIO
Of the Takasakiyama troop, ITANI and others (1963 : 24) stated, "The socionomic sex ratio of A-troop before Y-troop separated must have been about 52.0 (estimated from the sum of A-and Y-troops at the time of this investigation). In an extra large troop like A-troop it may be a danger signal when the socionomic sex 3) All the fissions except the second occurred in or after the birth season, so that these figures, except that before the second fission, include newborn members for the years in question. ratio exceeds 50."
There are at present comparatively few troops whose socionomic sex ratio before fission is known. Those known are the Takasakiyama, Gagyusan, Hagachi, and Arashiyama troops (see Table 6 in FURUYA, 1968) . In these troops except Takasakiyama troop, the ratio of 6 cases, including 4 of Gagyusan troop 4~, is from 31.4 to 39.5. In all 6 cases the troop size numbered between 100 and 200 individuals. Though these cases are not numerous, it may be inferred from them that when the troop size is small a lower socionomic sex ratio may be a danger signal.
It is clear from these 6 cases, showing a much higher socionomic sex ratio in the branch troops as compared with that of the main troop before fission, that fission, consequently, checks the rise of the socionomic sex ratio of the main troop brought about by the increase in troop size. The phenomenon of a higher ratio in a branch troop is also clearly seen with regard to the Takasakiyama troop. The socionomic sex ratio of the Takasakiyama-A troop (main troop) was 46.4, while that of B troop was 156.3 and that of C troop 111.8 in 1962 (ITANI et al., 1963) . 57
Meanwhile, the socionomic sex ratio of branch troops is already high fl'om the start of fission, and, moreover, as is known from the Gagyusan and Takasakiyama cases, there is an influx of males into them after fission, so that their socionomic sex ratio becomes even higher after fission. Therefore, it can easily be surmised that social instability will appear.
VI. NUCLEUS IN THE BRANCH TROOP
It seems that there are many cases in which a leader in the branch troop was an individual who acted as nucleus in forming a branch troop.
For example, let us consider the second fission of the Gagyusan troop. Saburo, a declining leader, and Kuro, the second subleader in pre-fission days, were observed 2 years after fission when provisionization for capturing was started, to have become the second and the first leader in the branch troop, respectively. The rank relationship between Saburo and Kuro had been in the reverse order after the second 4) No accurate data on the social composition of the Gagyusan troop are obtainable other than those obtained in 1963 and 1966 when marking method surveys were conducted. As to data for other years, no exhaustive counting of males from 4.5 to 6.5 years old was made, so that the estimated socionomic sex ratio may have been fixed lower than it actuaUy was. 5) The troop size of the Takagoyama-III troop was 72 individuals in 1964 and its socionomic sex ratio was 52.2 (12/23 x 100) (NISHIDA, 1966) . But the troop size of the Takagoyama-I troop, which lives in an adjoining area, was 158 individuals, and its socionomic sex ratio was 34.8 (16/46 x 100). Generally speaking, branch troops have a higher socionomic sex ratio, and so the Takagoyama-III troop is considered to be a branch troop.
fission. Anyway, they acted as nuclei in forming a branch troop (FuRuYA, 1960) .
In the Takasakiyama-B troop, Hosi, Siro, and Kuri, ranked second, third, and fifth, respectively, in the ordinary male class, 6) became first, second, and third leaders, respectively, in the branch troop. Hosi, Siro, and Kuri were acted as nuclei in forming a branch troop (SUGIYAMA, 1960) .
But exceptional cases are 4 out of 16 cases including those of Gagyusan troop and others about which information has been obtained (see Table 6 ).
In the case of the Arashiyama troop, the first leader of the main troop became leader of the branch troop, but it is doubtful whether he acted as nucleus. It was reported that a kinship group defected en bloc (personal communication from
And in the case of the Takagoyama-I troop's first and second fissions and the Minoo-A troop's fission, the individual who acted as nucleus in forming a branch troop was unknown.
In Table 6 is shown the social status of individuals who had the highest prefission social status among members of the branch troop. . The 2nd fission of the Gagyusan troop and the 1st fission of the Takasakiyama troop Concerning the cause of the second fission of the Gagyusan troop, I once wrote: 6) They were classified as belonging to the Juvenile I class, according to ITANI et al. (1963) . SUGIYAMA (1960) classified them in the young male class. "Take's rapid rise in rank created an instability in the relationship between other subleaders and Take, which finally led to the fission of the troop." "On the other hand, the rank of Saburo became lower than that of the younger Take, although he was not reduced to such a position because of a decline in his power, since he still had the capacity to carry out the role of leader" (FURUVA, 1960) .
Meanwhile, in the first fission of the Takasakiyama troop Itosi, Siro, and Kuri were reported to have been the nuclei of the branch troop.
With the increase of the population of the troop, young males grew up to be almost equal with the leaders and subleaders in stature and physique. But there were high social barriers between the subleader class and the young male class which barred them from climbing up the social ladder to the subleader class or the leader class. In short, senior young males were denied social status befitting their abilities. Of these senior young males who were brought face to face with this social contradiction, some left the troop as solitary males and the above-mentioned 3 individuals acted as nuclei in forming a branch troop (SuGIYAMA, 1960) .
Saburo and Kuro were declining in rank, while Hosi, Siro, and Kuri were barred from being raised in rank. This is a contrastive point, but in that they were not given social status matching their abilities, they had something in common.
Fission with 1st or 2nd leader as nucleus
Up to now, 3 cases have been reported, in each of which tile first or second leader who had not experienced demotion prior to fission, acted as nucleus in forming a branch troop.
Why did the first or second leader, who had not experienced demotion, act as nucleus in forming a branch troop? It cannot be summarily said that they did so because their social status was not worthy of their abilities.
However, there are many reports of the single desertion of first leader. T) It is not at all rare for a top-ranking leader to leave the troop, s) If other condkions had been in order, they would probably have formed branch troops.
Fissions in which solitary males acted as nuclei
There have been cases of fission observed in which a solitary male approached a troop and then formed a branch troop, acting as nucleus himself; they are the second fission of the Takasakiyama troop and the first fission of the Hagachi troop.
The 2nd fission of the Takasakiyama troop
In July, 1962, the Takasakiyama-A troop began to show signs of fission. Those signs were apparent, just as on the occasion of the first fission, in the peripheral part 7) Up to now 10 cases have been reported, upon all of which information has been obtained. They are: 2 cases at Takasakiyama, 3 at Arashiayama, 2 at Jigokudani, and 1 each at Hagachi, Taishakukyo, and Hieizan. 8) This was also pointed out by KAWAI (1961) and NISHIDA (1966 show a tendency of gradually approaching A troop, and in July, •962, integrated a handful of females, babies, and young males in the main troop into a group, with himself as nucleus (KANO, 1964) .
The 1st fission of the Hagachi troop
Hiratemiki, a solitary male, about 12 years old, formed a branch troop (HIDA, 1964) .
The 2nd fission of the Hagachi troop
About 30 individuals left from the main troop in February, 1965, all of whom, excepting an l 1-year-old male Shippoage, ordinary male, were either females or babies. It may be interesting to note that 3 solitary males joined the branch troop, occupying the positions of first, second, and third leaders. Shippoage was placed fourth leader. This branch troop was antagonistic toward the main troop; it appeared at the feeding ground occasionally when the main troop was not there.
In this case, Shippoage might be to act as nucleus, but it was doubtful that 3 solitary males who became leaders of the branch troop after the fission, acted as nuclei forming a branch troop. The fact that solitary males were able to act as nuclei in forming a branch troop with some members of the main troop shows that the social integration of the main troop had been weakened. It may, therefore, be considered that the weakening of the social integration of the main troop is one of the causes of fission.
In the case of the Takasakiyama troop, fission was clearly caused as a result of the weakening of social integration due to an increase in troop size. As to the Hagachi troop, there were desertions of the leaders Ishimatsu, the second leader in 1957, Omasa, the second leader in 1960, and Komasa, the first leader in 1962, all of whom left the troop as solitary males. After the troop experienced such defections, Hiratemiki, a solitary male, appeared to cause fission in 1962.
Other cases
In the Shodoshima-S troop, a chief female became antagonistic toward a leader male and became nucleus in forming a branch troop (personal communication from KAWAI).
No individual was found who would act as nucleus in the cases of the first fission of the Takagoyama-I troop (personal communication from KAWAMU~), the second fission of the same troop (personal communication from KOYAMA), or the fission of the Minoo-A troop (personal communication from KAWAMURA). The case of the Arashiyama troop was previously stated.
Thus, the pre-fission status of individuals who acted as nucleus in forming a branch troop are varied. Of 15 cases, 10 were cases in which males became nuclei. There is only one case in which a female acted as nucleus. With regard to the 4 remaining cases, it was impossible to ascertain who became nucleus. Therefore, it may be said that cases of males becoming nucleus are most common.
VII. THE PROBLEM OF FEMALES
When a troop of Japanese monkeys splits, there are generally one or more individuals who act nuclei in forming a branch troop. In most cases such an individual is a male. However, the formation of a branch troop is possible only when there are a nucleus and a surrounding group of females. Let us now make an inquiry into the types of females that are likely to join a branch troop.
In 3 fissions of the Takasakiyama troop, those females who joined the branch troops were all peripheral or semi-peripheral females. All of the central females remained with the main troop. The number of females had been rapidly increasing in the Takasakiyama troop after provisionization, as a result of which there appeared females who always lived in the peripheral part. These females were, so to speak, ejected from the central part. Now individuals in the central part have priority in getting food at the feeding ground. These ejected females, as well as young males, have to wait in the peripheral part while the central males and females are eating at the feeding ground. They come to the feeding ground only after the central males and females withdraw. Compared with central females, these peripheral females may be said to be living under bad conditions. At the same time it is easier for them to have contact with young peripheral males and solitaries, some of whom become nuclei in forming branch troops (SuGIYAMA, 1960; KANO, 1964 ; personal communication from TOYOSHIMA). In two fissions of the Hagachi troop, those females who joined branch troops were reported to have all been peripheral females (HIDA, 1964; personal communication from KAWAI) .
With regard to the Arashiyama troop, kinship relations had been almost completely identified and, moreover, the ranking relationship among the kinship-groups had been clarified. There were 16 kinship-groups in all. The troop split into A and B troops. Those joining A troop were kinship-groups ranked from 1st to 7th, and those joining B troop was kinship-groups ranked from 8th to 16th. As to the ranking order between A and B troops, it was reported that B troop was dominant, perhaps because Zorn, who became leader of B troop, was dominant over Ao, who became leader of A troop (personal communication from KOYAMA).
The Shodoshima-S troop was also a troop whose stratification into kinshipgroups was distinctly appreciable. When the troop split, it split, like the Arashi-yama troop, with a kinship-group as a unit. Of 10 kinship-groups in the troop, 7 stayed with the main troop and 3 joined the branch troop (personal communication from KAWAr).
The examples mentioned above do not mean simply that the females of the Arashiyama and Shodoshima troops were stratified into central and peripheral females and that it was some of the peripheral females who joined the branch troops; they also mean that the fissions of the 2 troops were carried out in an orderly manner, with a kinship-group as a unit, based upon the troops' stratification into kinshipgroups. This is a feature of the fissions of the Arashiyama and Shodoshima-S troops, as compared with those of the Takasakiyama troop. Nonetheless, it is a fact common to the fissions of the 3 troops that those females who joined the branch troops were peripheral females who had to content themselves with less advantageous living conditions, having been unable to get abundant food at the feeding ground. In this respect, they had their reasons for allying themselves with the males who acted as nuclei in forming branch troops. When these females joined branch troops whose male members usually exceeded female, they must have ceased to be peripheral females. To the main troop such a fission meant a decrease in the number of peripheral females and the withdrawal of antagonistic kinship-groups, which in turn must have meant closer unity in the troop.
What, then, is the relationship of kinship-groups, related above, to the 5 fissions of the Gagyusan troop? Let us re-examine the Gagyusan fissions in the light of the above mentioned kinship-groups, and compare them with those of the Takasakiyama, Arashiyama, and Shodoshima-S troops.
As has been already stated, no clear-cut stratification into central and peripheral females was appreciable in the Gagyusan troop. Also, no distinct stratification of kinship-groups was observable. With regard to the males who acted as nuclei in forming the branch troops, they had been either leaders or declining leaders who had been active in the central part of the original troop right up to the time of fission. This was the case in all 5 fissions. Therefore, with regard to the Gagyusan troop, no condition existed which might have given peripheral females an advantage over central females in allying themselves with those individuals who acted as nuclei in forming the branch troops. This is a feature of the fissions of the Gagyusan troop, as compared with those of the Takasakiyama, Arashiyama, and Shodoshima-S troops.
How, then, did they join the branch troops? Most females, except the peripheral females, follow any one of the leaders. This phenomenon is observable in all troops of Japanese monkeys, including the Gagyusan troop. For instance, when a leader moves from one place to another, the females follow him, fearful of being left behind.
However, in the Gagyusan troop, those females who follow a particular leader are small in number. Moreover, it has not been ascertained whether this pattern of behavior is only temporary or several years' duration.
The fission processes of the Gagyusan troop can be imagined only when we take into consideration this female behavioral tendency and the fact that those individuals who acted as nuclei in forming the branch troops were either leaders or declining leaders active in the central part right up to the time of fission. That is to say, in the eases of fission of the Gagyusan troop, the females had no reason for deserting the original troop. Yet in spite of that, they did part from the main troop. How? We can imagine them following, at the very moment of fission, those individuals who acted as nuclei in forming branch troops. They must have followed as they habitually did in routine removals from one place to another.
An interesting phenomenon was recently obselwed in the Arashiyama troop (NoRIROSHI, personal communication). In the Arashiyama-A and B troops, which came into existence by fission, most of the young males of A troop transferred to B troop and, in turn, those of B troop to A troop. In this fission it did not happen that members of each kinship-group were divided into 2 branch troops. Therefore, later interchange of young males between A and B troops eventually avoided breeding between individuals maintaining a kinship-relationship.
In the second fission of the Gagyusan troop, Saburo joined the branch troop, and Fus, who had had grooming relationships with him, remained in the main troop (FtmuYA, 1960) . This is one of the cases, confirmed in this troop, in which an intimate relationship was severed by troop fission. If an intimate relationship between a male and female continues for a long time, the possibility of breeding between individuals of blood-relationship will increase. Therefore, between this case and the case of the interchange of young males of the Arashiyama troops, a similarity is found in the result which was brought to the society of Japanese monkeys by troop fission, though the process of these 2 cases differs; that is, fission severed an intimate relationship, and in consequence, incest was avoided.
VIII. DISCUSSION AND CONCLUSION
From data obtained so far, it may be stated that fission of troops of Japanese monkeys has a great significance as one of the regulatory mechanisms when troop size becomes incommensurate with the supply of food, partly because of an increase in troop size. 1) Attention should be directed to the fact that the troop size of Japanese monkeys, including the Gagyusan troop, has certain limits. That is, of more than 80 troops of Japanese monkeys so far known, there has been only one troop, the Takasakiyama troop, whose size exceeded 200. Also, all of the fissions, excepting those of the Takasakiyama troop, occurred when the troop size was over 100, but less than 200.
No reliable data have been obtained as to changes in size of natural troops which are not provisionized. It is a fact, however, that a rapid increase in troop size has been seen with regard to provisionized troops after provisionization. From this it may be stated that an increase in the supply of food plays a very important role in troop size increase. What will happen, then, when troop size becomes incommensurate with the supply of food or when a troop comes to experience a shortage of food? We can imagine a natural troop enjoying an abundant supply of food in its home range for several consecutive years and seeing its troop size increase, and then brought face to face with "a lean year." When a troop of Japanese monkeys is constantly exposed to a shortage of food, it must be remarked that it has no ability of positively overcoming the difficulty by, say, extending its home range.
Such being the case, the only solution for a troop of ~[apanese monkeys to tide over a foodstuff crisis brought about by overpopulation would be the dropping out of part of the troop and the cultivation of a new home range by the deserters. 9)
Now let us consider a case in which a provisionized troop is brought face to face with a shortage of food due to expanded troop size. In such a case there would appear, first of all, a state of affairs in which some members of the troop are well-fed while the rest are ill-fed. In the case of an unprovisionized troop, there would also appear a state of affairs in which part of the troop would be unable to get enough food, that is, when its home range would not be large enough for all its members to get enough food.
Those members who would not be able to get enough food would be those living in the peripheral part of the troop. Their adherence to the troop would be weakened, and when some opportunity presented itself, they would leave the original troop and cultivate a new home range. :°)
It has been ascertained that there are 3 ways in which individuals leave the original troop. First, a male leaves the original troop by himself and becomes a solitary. Second, several males leave the original troop at the same time and form a male group. Third, a male (or males), females, and their children, leave en bloc and from a branch troop. Of the 3 ways, the last one has the greatest significance socially, in that by this way multiple members are ejected from the original troop and that a branch troop, a complete generative unit consisting of male and female, is formed.
Since a troop of Japanese monkeys is conservative about extending its home range, it must have to rely upon splitting the troop itself in order to enlarge its geographical distribution. For Japanese monkeys, therefore, troop fission usually means the development of their society, n)
9) It is surmised that in such a case a decrease in birth rate and an increase in mortality would naturally occur, as a result of which population would be controlled. No data, however, have so far been obtained to clarify this point.
10) According to information received recently from TOYOSHIMA, the Takasakiyama-A troop split in 1967, and a new branch troop was formed (named D troop), and the members of the new troop are those who were in the peripheral part of A troop and who had not been able to get enough food.
Y. Fu~uYA
2) Adult Japanese monkey males are stratified into 3 classes, leader, subleader, and ordinary male, and this ranking system brings internal order. Now the question will be asked whether all males, as they grow, will attain positions proportionate to their age and physical strength. The answer is "no." Actually, males in the upper classes have a long life, and so a young male, even when he becomes fully grown, cannot easily wedge himself into the upper classes; his "social ladder" is blocked.
Let us trace now "course of life" of those males whose "social ladder" is blocked. For this purpose I will put data obtained so far in order.
(1) When males in the upper classes have great power; (a) underprivileged males prefer to maintain old relations and stay underprivileged, or (b) leave the troop. (2) When males in the upper classes are comparatively weak:
(a) u nderpriviledged males outstrip them, reversing the old ranking relationship. In this case; (i) the new reversed relationship is firmly established, and both settle down in the troop, or (ii) outstripped males leave the troop. (b) underprivileged males are able to catch up with males in the upper classes, but are unable to outstrip them. In such a case, the latter's position of stability is threatened, so that relations between them will become unstable. In such a case, (i) unstable relations are only temporary, and in due course the old ranking relationship becomes stable and firmly established, or (ii) either one of them leaves the troop. In this case, if the one who leaves the troop happens to be an underpriviledged one, the result would be the same as pointed out in (1)-(b). However, there are many cases in which a privileged male leaves the troop.
11) Apropos of maintenance of the society of Japanese monkeys, I would like to touch here upon the increase in the birth rate of malformed offspring in the Gagyusan troop. Up to 1957, from March, 1955, when the troop was first provisionized, no malformed child was born in the Gagyusan troop. But in the birth season of 1957, 7 malformed children were born, 25% of the 28 births seen in that season. In 1959 the rate of delivery of malformed children reached 40%, the highest rate so far, and after that it kept declining until 1964. From 1965, however, it showed a slight tendency to rise (FuI~UYA, 1966) . Causes of the birth of malformed children have not been ascertained, but one conjecture is that consanguineous marriage, due to overpopulation, may have had an influence. The problem of the birth of malformed children may be said to be a problem worth our attention, if it is clarified that troop fission is proving useful, even if slightly, in preventing intermarriage. It has not yet been ascertained whether the decreased birth rate of malformed children in the Gagyusan troop after 1959 was influenced by the second fission in 1958 and later fissions up to 1962. It is necessary to ascertain this point.
At present no definite answer can be given as to what makes a male a solitary on the one hand, and what makes another act as nucleus in forming a branch troop on the other. But the cases of Saburo, Kuro, and Aka in the second fission of the Gagyusan troop seem to offer some suggestions as to the solution of the problem.
FVRUYn (1960) observed the attacking behavior of Saburo, Kuro, and Aka in December, 1956, 16 months before the second fission, and again in December, 1957, 4 months before the second fission. The total number of hours he devoted to observation reached about 60, during which he recorded all their attacking acts and the percentage of their control attacks.
He found that the one who made the greatest number of control attacks was the leader, followed by the subleader and an ordinary male. From this it may be thought that control attacks have a function of integrating the troop.
Of the total number of attacks made in 1956 bySaburo, who later acted as nucleus in forming a branch troop, control attacks accounted for 24% of all attacks, but in 1957 they increased to 39%. With Kuro, the percentage was 9% in 1956, but in 1957 it increased to 26%. However, with Aka, who later left the troop to become a solitary, the percentage was 10% in 1956, but in 1957 it decreased to nil. From this it may be inferred that the display of leader-like activities, such as control attacks, is an essential quality for an individual who would like to act as nucleus in forming a branch troop.
It is a phenomenon often met with that a branch troop is formed not by a member of the original troop but by a solitary male approaching the troop. The second fission of the Takasakiyama troop and the first fission of the Hagachi troop were cases of this nature.
Females, however, do not leave the original troop by themselves, generally speaking, although females who settle down in the peripheral part do appear. Only when a male who would act as nucleus appears do they gather around him and leave the troop with him.
I should now like to draw attention to the class structure of the society of Japanese monkeys, particularly the 3 classes of leader, subleader, and ordinary male. Compared class with class, there is no continuity in age and physical strength. It has been pointed out that this discontinuity has an important bearing in maintaining the class structure of males. Physical strength is to be considered one of the important factors that support the respective positions of males. But, as males in the lower class grow up, discontinuity in physical strength between members in the lower class and those in the upper class gradually disappears, as a result of which the boundary between the classes becomes indistinct. It is at this time that males who feel their "social ladder" blocked appear. Many male deserters are to be seen at this time. Those males who leave the troop generally belong to a certain age group, so that after a lapse of a certain period of time, discontinuity in age and physical strength between males belonging to different classes again appears and the boundary between classes again becomes distinct, and the number of male deserters gradually decreases, again bringing about stability in the troop.
That the physical strength of a male becomes incommensurate with the position he occupies after a lapse of a certain period of time is an inevitable phenomenon. Therefore, in a troop of Japanese monkeys alternating periods of instability and stability are to be seen. (A period of instability is one in which we can see either single desertions of males or troop fission, often due to an imbalance between position on the one hand and physical strength and age on the other. A period of stability is one in which a troop is stable, with such happenings comparatively uncommon.) As was stated earlier, this alternation of periods of instability and stability was seen to occur rather regularly in the Gagyusan troop (FuRoYA, 1968) .
An increase in the number of females tends to produce peripheral females, a group of females whose position is unstable. Such a group, however, is almost always ejected from the original troop when a fission occurs. Thus, irrespective of sex, those members of the troop whose position is unstable tend to disappear from the original troop. By this process the construction of the troop is, so to speak, renewed.
Thus, it should be admitted that fission, along with single desertions of males, plays a very important role as one of the mechanisms for the maintenance of a troop of Japanese monkeys, and this mechanism prevents troop size from becoming inordinately large. Now a shortage of food due to overpopulation is an ecological factor. This ecological factor does not act as motive power that directly causes troop fission; it acts rather as a basic and potential factor. It must be considered that sociological factors give direct motive power.
3) Conceding that troop fission is a very effective mechanism for the maintenance of the main troop, what does it mean to a branch troop?
Generally speaking, a branch troop is obliged to settle in a home range less favorable than that of the main troop. Socially, a branch troop is often composed of a large number of males and a small number of females. In short, it is under very difficult conditions that a branch troop starts to become a fully established troop of Japanese monkeys. There are comparatively few reports that have continuously traced and observed a branch troop after fission. There is, however, a report that recorded uninterrupted observations of an experimental troop of crab-eating monkeys (Macaca irus), a troop composed of a large number of males and a small number of females. The social structure of crab-eating monkeys is very similar to that of a troop of Japanese monkeys (FuRuYA, 1965) .
A troop of 11 male and 7 female crab-eating monkeys was artificially formed in 1958 for experimental purposes. Later, 10 more individuals were added to the troop, so that in 1959 the troop was composed of 4 central males, 16 peripheral males, 5 adult females and 3 male juveniles, totaling 28 in all.
Three years later, in 1962, the composition of the troop was 2 central males, 9 peripheral males, 9 adult females and 7 juveniles, totaling 27 in all. That is, the number of adult males decreased from 20 to 11, while the number of adult females increased from 5 to 9.
In 1964 there were 5 adult males and 10 adult females, the number of females exceeding that of males. The sex ratio of the entire troop reached almost 100%, with males numbering 16 and females 17. From about this time, fights in the troop decreased in number, and the troop appeared to be in a stable condition. During the time that the number of males exceeded that of females, the males were constantly fighting among themselves, and leaders were replaced one after another. There were males who were thrown into the sea by their opponents and drowned and males who left the troop singly, as a result of which the number of males decreased.
This example may be taken as suggesting one path which a troop of Japanese monkeys containing many males and few females may take. It may be suggested that a troop is maintained by repeating the process of weeding out its unstable elements, as in the ease of a troop which has a social organization like that of a troop of ]'apanese monkeys. 4) Lastly, I shall try to inquire into troop fission as seen from the standpoint of the social evolution of primates.
It cannot be said that there are abundant data on the fission of troops of primates other than those of ~[apanese monkeys. There are reports only on the fission of troops of howling monkeys, langurs, rhesus monkeys, and baboons. a) Howling monkey (Alouatta palliata) CARPENTER (1934 CARPENTER ( , 1953 CARPENTER ( , 1962 CARPENTER ( , 1965 , COLLIAS and SOUTHWICK (1952), and ALT~ (1959) conducted investigations on howling monkeys on the island of Barro Colorado. According to these workers, there were 28 troops comprising 489 individuals in 1933, and 18 years later, in 1951, there were 30 troops comprising 239 individuals. That is, the population decreased from 489 to 239, while the number of troops remained almost unchanged. In 1959 the population radically increased to 814, the number of troops also increasing to 44. In the 8 years from 1951 to 1959 it is certain that the number of troops increased along with the increase in population. The increase of the number of troops meant fission. TM b) Langur (Presbytis entellus) SUGIYAMA (1964) observed in Dharwar, India, a troop of 15 langurs. According to his report, the male leader of the troop was challenged by a solitary, as a result of which the troop split into a troop of 6 led by the leader of the old troop, and a troop of 10 led by the invader. 12) Among howling monkeys there are also solitary males, but there are no females who leave the troop alone (CARPENTER, 1965 ).
The greatest difference in social organization between langurs and Japanese monkeys is that they have different systems for maintaining order. In a troop of langurs there is only 1 adult male and there are almost no ranking relationships among females (SuoIYAMA, 1965) . There is no room for a ranking system to play any role in integrating a troop of langurs. Also, according to SUClYAMA, the leader system is not for maintaining order in the troop but primarily for coping with other troops and enemies. The male leader displayed his leadership on such occasions only (SUGIYAMA, 1964 (SUGIYAMA, , 1965 .
In a society of Japanese monkeys, the leader and ranking systems complement each other, thereby building a strong social organization. Compared with the social organization of langurs, Japanese monkeys present a much more highly integrated society. However, it is precisely in this rather rigid social organization where motive power for troop fission lies, whereas in the case of langurs motive power for fission may be said to be always sought outside the troop.
c) Rhesus monkey (Macaca mulatta)
As to fission in troops of rhesus monkeys, there are reports by SOUTrlWlCK, BEC, and SIDDIQI (1965) , who investigated rhesus monkeys in northern India, and by KoFom~ (1963) , who investigated a rhesus monkey colony on the island of Cayo Santiago.
According to SOUTHWICK and others, a group of 51 individuals split into one subgroup 13} of 40 and another of 11 in the winter of 1959 (from October through November), each subgroup gradually coming to act independently. In March of the following year they became 2 quite independent groups. This group fission was gradual and took several months to complete. According to the observers, the driving force that worked toward promoting social independence of the subgroups was antagonism between adult males (SOUTHWICK et al., 1965) .
KOFORD reports that he witnessed several fissions in the rhesus monkey colony on Cayo Santiago from 1959 to 1962. It seems that cases of fission observed by KOFORD indicate that antagonism between adult males was the chief factor for fission.
As to troop size at the time of fission, the northern Indian troop split when its troop size was 51, and the Cayo Santiago troop when its troop size was 100. ~3) Explaining the term "subgroup," SOUTHWlCK et al. state, "The term 'subgroup' is used here to denote a fairly large assemblage of individuals with a social group that displayed recognizable affinity from day to day." They use the term "group" in the same sense as troop, which term I use in this report. KOFORD uses "band" for my "troop," and DEVo~ & HALL (1965) , who wrote a report on baboons, use "group" for my "troop."
d) Baboons (Papio ursinus, P. doguera & P. cynocephalus)
DEVoRE observed baboons living in the savanna in Kenya, and HALL investigated baboons also living in the savanna in South Africa. Both of them witnessed group splitting (DEVoRE & HALL, 1965) .
According to their observations, a group splits into 2 sections, each having a very similar composition. For instance, when a group of 103 individuals split into a section of 66 and a section of 37, each section had central part members and peripheral part members, and there was no interchange of members between the sections. The total membership of each section always remained the same, no matter how many times it was counted. This split state persisted several days, although it was not ascertained whether the splitting developed into a true fission. However, it is stated, "If this division persists, and if the division contains a normal age-sex distribution, a new group may result" (DEVoRE ~; WASHBURN, 1963) .
If such splitting persists for several days in the case of Japanese monkeys, it can be supposed that there is a great probability of its developing into a fission.
In the case of baboons, besides group splitting of several days' duration, temporary splitting lasting only several hours was very often seen.
As can be seen from the above, a group of baboons, unlike a troop of Japanese monkeys which has a stable membership and a rigid social framework, has great elasticity, gathering and parting among group members being seen rather often. In this respect baboons have something in common with chimpanzees, who are always engaged in gathering and parting.
The social organization of chimpanzees is being brought to light by GOODALL (1965), REYNOLDS (1965) , KORTLANDT (1962) , ITANI and SUZUKI (1967) , and others. In the light of their studies, it may be stated that chimpanzees have a social organization vastly different from that of Japanese monkeys. Group fission of chimpanzees, therefore, cannot be viewed in the same way as troop fission of Japanese monkeys.
From these limited data alone, it is clear that the mechanism of fission of the langur troop, which is a one-male troop, differs from that of the Japanese monkey troop, and that troop fission of rhesus monkeys, whose social organization is very similar to that of Japanese monkeys, has features in common with the fission of the latter. Also, in a society of baboons, being different from a Japanese monkey troop in having a rigid social organization, grouping and dispersion of the troop is seen to a considerable degree.
From these facts, it may be supposed that the mechanism of troop fission is eventually connected with the mechanism for maintenance of the society of primates.
Data on troop fission are very valuable for clarifying the problem of social evolution of primates. However, there are only a very small number of reports on troop fission, which is very regrettable. Troop fission is not a phenomenon to be met with often, so that it would take a long time to accumulate a store of data on social changes of troops. future.
Y. FURUYA
This report should be reassessed in the light of data to be obtained in the
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